SUMMARY: F'imbriae were found in 125 of 154 non-motile Klebsiella strains examined by electron-microscope in serial aerobic broth cultures. Fimbriate strains occurred in each of the capsule serotypes 1-72 and mostly showed the biochemical reactions of saprophytic KZebsieZZa aerogenes. The fimbriae were clearly distinguishable from the capsules and occurred also in non-capsulate mutants. Most fimbriate strains showed evidence of varying reversibly between a fimbriate and a non-fimbriate phase. The proportion of bacilli with fimbriae was greatest in broth cultures and was decreased, though never eliminated, by serial cultivation on nutrient agar. All 29 permanently non-fmbriate strains belonged to serotypes 1-6 and showed biochemical reactions common in pathogenic K. pneumoniae, K . oxaenae and K . rhinoscZermatis strains (anaerogenic, methyl-red positive, non-citrate utilizing or nonlactose fermenting). They differed from the fimbriate strains ingrowing less abundantly and usually in failing to form a pellicle on broth.
number prefixed by the letter N (e.g. N. 5054). The type strains of types 7-63 and 70-72 were obtained from Dr P. R. Edwards and those of types 64-69 from Dr P. N. Edmunds; they are designated K. 7, K. 8, ..., K. 72. A further type-5 and four type-38 strains (E. 5, etc.) were obtained from Dr Edwards and the remaining 11 strains (A. 1, A. 3, etc., all of type 54) were isolated in Edinburgh from faeces and other sources (Duguid, 1951 ; Wilkinson, Duguid & Edmunds, 1954) . The strains were maintained as stab cultures in nutrient agar. They were plated on nutrient agar and a trace of material from three typical colonies was taken as the starting inoculum for each test series of cultures.
Cultures were grown serially for 48 hr. periods at 37" in 10 ml. nutrient broth in 4 in. diameter test tubes plugged with cotton wool; they were incubated aerobically without agitation or artificial aeration. The broth contained (yo (wlv) ): 1, meat extract ('Oxoid' Lab Lemco); 1, peptone ('Difco' Bactopeptone); 0.5, NaCl; its pH value was 7-3. In many repeat experiments which gave similar results, the peptone used was ' Oxoid ' Bacteriological Peptone.
Surface cultures were grown on well-dried plates of nutrient agar incorporating experiments, 20 ml. agar medium was dispensed in a 4 in. diameter Petri dish; this was inoculated uniformly over its whole surface and incubated with the lid raised about 1 mm. to ensure free aeration and dry surface conditions. Large capsules were obtained on an excess-sugar medium (agar with 1 yo (w/v) glucose or lactose, O-lyo (w/v) peptone, inorganic salts and 1% (w/v) phosphate; adjusted to pH 7.3; Duguid, 1948) . Measurements ofgrowth were made on the broth cultures and on the bacilli harvested from agar plates into a volume of saline solution equal to the agar. The turbidity of a suitable dilution of the broth or suspension was measured with a ' Spekker ' photoelectric absorptiometer and the bacilli were counted microscopically in a counting chamber.
Haemagglutination tests were made with untreated guinea-pig red cells and ' tanned ' ox red cells. Guinea-pig cells from freshly drawn citrated blood were twice washed and then prepared as a 3% (v/v) suspension in saline solution (0-85y0, w/v, NaCl). A drop of this was mixed on a white tile with an equal drop of suspension containing about 101o-lO1l bacilli/ml., prepared by centrifuging a broth culture, decanting the supernatant liquid and mixing the deposit with the residual liquid. Mixing on the tile was continued at room temperature during 15 min. on a rocking machine which tilted to and fro 50 times/min. Coarse haemagglutination was often seen within 1 min., but with weakly active cultures only a fine granularity appeared after 5-10 min. fig. 2 ).
For the test with tanned 08 red cells, washed red cells were treated with 0.003 % (w/v) tannic acid for 10 min. at 37" by the method of Boyden (1951) and then twice washed before making up to a 3 yo (v/v) suspension in saline.
These cells showed a beginning of agglutination while in the tannic acid but, after washing, gave a suspension which was not autoagglutinable during continuous mixing for 15 min. on the tile. The mannose sensitivity of each reaction was observed by adding a small drop of a 2% (w/v) D-mannose solution to the drop of red cells before adding the bacilli; the final mannose concentration (c. 0-5 yo) completely prevented MS haemagglutination.
The haemagglutinating power (HP) of a culture was measured by making tile tests with bacillary suspensions of different concentration and finding the weakest suspension that would give a visible reaction within 10 min. (Duguid & Gillies, 1957) . The HP was taken as 10l1 divided by the minimal agglutinating number of bacillilml. in the final mixture with red cells; this number was estimated from a prior turbidity measurement of the bacillary suspension, assuming that a reading of 1.0 was equivalent to log bacilli/ml. (it was equivalent to 0-5-2-0 x 109/ml. in most cultures that were counted). Adhesion tests. The adhesion of bacilli to red cells was observed microscopically in a wet film of part of the haemagglutination test mixture (Duguid et al. 1955 ). Other cells, fungus mycelium and cellulose fibres were tested by mixing them with about 1010 bacillilml. in a drop of saline solution (0-85%, w/v, NaCl).on a microscope slide. This was tilted to and fro for about 1 min., and viewed against a dark background to detect agglutination. A coverslip was then applied and the wet film examined by the phase-contrast microscope with a &in. oil-immersion objective. Yeasts and fungi for these tests were grown on nutrient or Sabouraud agar for 1 day at 30" and then for a few days at 15-20'. Ox and human leucocytes were obtained from the buffy coat on centrifuged citrated blood, and guinea-pig leucocytes from the peritoneal cavity one day after injecting 25 ml. nutrient broth. Epithelial cells were scraped from the mucosal surface of guinea-pig and ox intestine (ileum and colon) which had been removed and washed with saline immediately after slaughter, and from human colon obtained at an operation. Red-cell stromata J . P. Duguid were prepared by lysing washed cells in distilled water, centrifuging and twice washing with saline. Germ-free +l in. seedlings of cress and red clover were grown on nutrient agar for 2-4 days at c. 20' from seeds sterilized with ethanol and HgCl,. The seedling was immersed for 5 min. in a saline suspension of about 1O1O bacilli/ml., with occasional gentle shaking; it was then washed by immersion in fresh saline for 1 min. and mounted in a wet film. Cellulose fibres were obtained as ashless, chemically prepared ' Cellulose Powder ' (W. and R. Balston, Ltd.). Adhesion to glass was observed on the surface of the slide when viewing a wet film of bacilli in saline. The slides were cleaned by polishing and roasting in a flame, or by soaking in chromic-sulphuric acid solution and rinsing in distilled water.
Electron-microscopical observations of fimbriae and capsules were made on gold-palladium shadowed films of bacilli killed with 0.25 yo formaldehyde (Duguid & Gillies, 1957) . Capsules were also observed in wet films with indian ink (Duguid, 1951 
RESULTS
Fimbriation among 154 Hlebsiella strains Shigella JEexmri was found by Duguid & Gillies (1957) to vary between a fimbriate and a non-fimbriate phase, the fimbriate becoming predominant after several serial aerobic cultivations in broth and the non-fimbriate after serial cultivation on nutrient agar. In view of this, each Klebsiella strain was examined in 9-10 serial cultures grown aerobically at 37" for 48 hr. in tubes of nutrient broth. The first broth tube was inoculated from three colonies on agar and subsequent broth tubes with a small loopful from the surface of the preceding culture, including a fragment of any pellicle present. Haemagglutination tests were made on most of the ten cultures and electron-microscopical examinations on at least two, usually the second and sixth. A strain was accepted as fimbriate only when fimbriae were clearly demonstrated in two cultures. Many strains, including all initially found to be non-fimbriate or doubtfully fimbriate, were examined in a second series of 87' broth cultures started separately from the stock culture. The strains still found non-fimbriate were examined in a series of broth cultures grown at 30' and in a culture on nutrient agar.
Of the 154 strains, 125 were found to be fimbriate, including representatives of all 72 serotypes ( Table 1) . Five were moderately or richly fimbriate in cultures a t 30°, but non-fimbriate or very poorly fimbriate a t 57"; these included four type-2 strains and the type-52 strain reported as non-fimbriate by . The fimbriate strains included all of 98 which had the biochemical reactions typical of saprophytic Kkbsiella mogenes (methyl-red negative, Voges-Proskauer positive, citrate utilizing, aerogenic in fermenting glucose, lactose and other sugars, and non-indole-producing). Also fimbriate were 27 strains with atypical reactions : 19 with reversed methyl-red and Voges-Proskauer reactions (mostly in types 2, 3 and 5 ) , 3 not utilizing citrate (e.g. N. 9619), 4 anaerogenic (e.g. K. 26) and 9 producing indole (e.g. N. 8167).
The 29 strains found permanently non-fimbriate occurred exclusively in serotypes 1-6. All showed some of the atypical biochemical reactions that are common in pneumoniae, oxaenae and rhinoscleromatis strains of Klebsiella : 25 had reversed or doubtful methyl-red and Voges-Proskauer reactions, 9 did not utilize citrate (5 in types 3 and 4), 13 were anaerogenic in fermenting Morphology of Jirnbriae and capsules Except where obscured by large capsules or a deposit of slime, the fimbriae of Klebsiella strains with MS adhesin showed the same morphology as the fimbriae of Escherichia coli and Shigella jlexneri (Pl. 1, fig. 1 ; P1. 2, fig. 4 ; P1.3, fig. 7 ). They were similar in length, width (c. O.Olp), absence of flagellartype wave form, peritrichous distribution and number/bacillus (often 100-300, but sometimes under 50). In strains having only the MR type of adhesive activity, the fimbriae appeared to be thinner (perhaps about 0 -0 0 7 ,~) and more pliable (Pl. 3, fig. 5 ) . Since the apparent width of the fimbriae varied to some extent with uncontrolled minor differences in specimen-preparation and microscopy, the distinction between the two kinds of fimbriae could not be established beyond doubt. It was most convincingly apparent in cultures having both the MS and MR adhesins, where the same microscope field showed some bacilli with the thick fimbriae and others with the thin; the two kinds were not seen together on the same bacillus.
On examination of broth cultures by the wet-film indian ink method, 151 of the 154 strains were found to be capsulated, though some showed visible capsules on only a proportion of cells (e.g. N. 9494). Strains N. 9655, N. 9663 and N. 9666 appeared to be non-capsulate. In broth and on nutrient agar most strains formed small capsules, e.g. 0 -2 -0 . 5 ,~ in radial thickness and 1.2-2.0,~ in transverse diameter; a few formed much larger capsules, mainly 2-4p in transverse diameter (e.g. all the non-fimbriate type-1 strains and the fimbriate type-4 strain N. 9644).
The capsules were less clearly demonstrable by the electron microscope due to their low solid content and great shrinkage on drying. They usually appeared as a narrow, indefinite zone of faint opacity and were recognized mainly because they obscured the sharp margins of the cell-wall fold which surrounds the shrunken bacillary protoplast (cf. P1. 2, figs. 2 and 3). In fimbriate bacilli, they usually obscured the fimbriae for only a very short distance at their proximal ends (Pl. 1, fig. 1 ). In bacilli with very large capsules grown on excess-sugar medium, the fimbriae could be seen passing through the capsule and then outwards beyond it (PI. 3, fig. 6 ). In some parts of most films, the fimbriae were matted together and grossly obscured by the capsular substance and slime.
Non-capsulate non-slime-forming (0) mutants were isolated from the broth cultures of 16 capsulate fimbriate strains, including N. 9499, K. 9, K. 55 and A. 3. These mutants gave non-mucoid growths on nutrient agar and excesssugar medium, showing no trace of capsules or slime in indian ink films. The A. 3(0) mutant was proved by serological tests to lack the specific type-54 exopolysaccharide of its parent strain (Wilkinson et al. 1954 , Table 2 ) . All these non-capsulate mutants were found to be normally fimbriate. Their fimbriae and cell walls were seen unobscured by capsular material (Pl. 2, fig. 4 ).
Haernagglutinating and adhesive properties
All 154 strains were tested for haemagglutination of untreated guinea-pig red cells and tanned ox red cells, and for the susceptibility of their reactions to inhibition by mannose; tile tests were made with the centrifuged bacillary deposits of the serial broth cultures and the results are shown in Table 1 . All strains were further examined in saline wet films for adhesion to the mycelium of Aspergillus niger and the surface of the glass slide. The 'strength' of the adhesive activity of a culture was judged from the number of bacilli which adhered to the substrate within a few minutes. Firm adhesion of the bacilli was assumed from their lack of Brownian movement and their failure to move from the site of adherence when disturbed by quick small movements of the fine-focusing adjustment. The 154 strains were divisible into four groups having the adhesive properties shown in the four columns of devoid of adhesive activity. Only the 107 strains which had MS adhesin were able to agglutinate untreated guinea-pig red cells, while only the 114 strains which had MR adhesin were able to agglutinate tanned ox red cells in 005% (wlv) D-mannose. Both the MS and MR adhesins were active for Aspergillus niger mycelium and certain other substrates; cultures which had both adhesins gave mannose-resistant reactions with these substrates.
The stability of the fimbriae was similar to that found in Shigellajlemeri by . The MS and MR haemagglutinating properties were destroyed by heating the bacilli at 90' for 30min., but were usually little affected by heating a t 60' for 30 min. or by exposure to 2 % formaldehyde at 37" for 3 hr. The MR activity of a few strains (e.g. K. 9) was markedly decreased by the latter procedures. No evidence was obtained for the existence of a soluble haemagglutinin; neither MS nor MR activity could be demonstrated in bacteria-free supernatant fluids from centrifuged broth cultures.
Properties of the MS Jimbrial adhesin
The red cells found most susceptible to MS agglutination were those of the guinea-pig, The haemagglutinating power (HP) of a culture for these red cells differed with the strain and degree of fimbriation (Table 3 ). The most strongly active (e.g. of K. 5 5 ) had an H P value of 1000-3000, giving a just visible reaction in mixtures of about 1 bacillus/2-6 red cells. The weakest (e.g. of N. 9633) had an HP value of less than 5, requiring over 100 bacillilred cell to give a visible reaction. Highly active cultures also agglutinated fowl, toad and horse red cells fairly strongly, rabbit and human cells weakly, sheep cells very weakly and ox cells not at all (some K. 55 cultures gave a trace reaction with ox cells).
Haemagglutination was caused by a rapid firm adhesion of bacilli to the red cells. This was seen microscopically in wet films as described by Duguid et al. (1955) . Fimbriate bacilli with large capsules (e.g. N. 9644) appeared fixed to the red-cell surface with an intervening gap of up to 2p; addition of indian ink showed that this gap was occupied by capsule. The presence of 0.5% D-mannose in all cases inhibited the agglutination of untreated red cells. Usually inhibition was complete, but in some cultures (especially at 30") of a few strains (e.g. of type 3) it was only partial. In the latter case, microscopical examination showed that the adhesion of bacilli had been prevented by the mannose and that the red cells were weakly agglutinated by a fine crystalline debris apparently derived from the culture. Haemagglutination was inhibited by 0.5 % a-methylmannoside as effectively as by mannose, but was unaffected by 0.5 yo or 2.5 % of D-glucose, a-methylglucoside, D-lyxose, D-galactose, mxylose, D-raffinose, L-arabinose, L-rhamnose, maltose, lactose, sucrose, glycerol, mannitol or sorbitol.
Strains with MS adhesin but no M R adhesin. These adhered to and agglutinated the washed stromata of lysed guinea-pig red cells, and also stromats which had been heated at 70' or 100' for 5 min. They agglutinated red cells treated with 0.003% (w/v) tannic acid solution even more strongly than untreated cells, and thus often gave a definite though weak reaction with tanned ox cells. They rapidly adhered to and agglutinated guinea-pig, human and ox leucocytes (Pl. 4, fig. 8 ) ; on mixture with the buffy coat of ox blood they agglutinated the leucocytes and platelets, leaving the red cells unaffected. The MS strains showed rapid adhesion to fresh epithelial cells scraped from the mucosa of guinea-pig ileum and colon, human colon and ox ileum and colon, as described for Shigellaflexneri by Duguid & Gillies (1957) . They also adhered to and strongly agglutinated the yeast-like cells of Candida albicans, from two smooth-colony strains and from a rough-colony strain whose cells tended to remain attached in groups. The MS strains adhered strongly to the mycelium Table 3 
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gypseum (see similar adhesion by MR strain, P1.4, fig. 10 ). These MS strains also adhered to the root hairs of cress and red clover seedlings (see similar adhesion by an MS and MR strain, P1. 4, fig. 9 ). All these adhesive activities were largely inhibited by the presence of 0.5 % mannose. Some cultures of strains K. 40 and K. 55 showed adhesive affinity for glass J . P. Duguid and cellulose. When mounted in a saline wet film, up to 30% or more of the bacilli might become firmly attached to the surfaces of the slide and coverslip within 2-8 min., and many to cellulose fibres when these were included. This adhesive property seemed to be unrelated to the MS adhesin, since it was unaffected by mannose and was not present in many richly fimbriate cultures with strong MS activity (e.g. N. 9644). Tests made in distilled water showed that electrolyte (e.g. 0 * 8 S~0 NaC1) was required for adhesion to glass and for MS adhesion to AspergiZZus niger. Mycelium and bacilli (K. 40 or K. 55) were killed by 0-5 yo formaldehyde and washed in several changes of distilled water before mounting together between a washed' slide and coverslip. Very few bacilli adhered to the mycelium or slide during 5 min. in distilled water, but many began to adhere soon after the addition of a little salt to the edge of the film.
Non-haemolytic fimbriate strains of Escherichia coZi, Aerobacter cloacae, Shigella flemeri and Salmonella have the same adhesive properties as the Klebsiella strains with MS adhesin only ( 
Properties of the MR Jimbrial adhesin
The 18 strains having only the MR adhesin neither adhered to nor agglutinated any of the following preparations : fresh red cells of the guinea-pig, fowl, toad, horse, mouse, rabbit, man, sheep and ox; unheated guinea-pig and ox red-cell stromata; guinea-pig, human and ox leucocytes ; unheated ' smooth' Candida albicans. They did not cause haemagglutination even in tests made at 3-5" (cf. haemolytic Escherichia coli strains, Duguid et al. 1955) , and showed only a scanty adhesion of bacilli to intestinal epithelial cells.
On the other hand, the MR strains rapidly adhered to and strongly agglutinated red-cell stromata which had been heated in saline at 70' or 100" for 5 min., and intact red cells which had been treated with 0.003~0 (w/v) tannic acid solution, irrespective of whether these had originated from ox, man, guinea-pig or other animal. Tanned ox cells were chosen for the standard test of MR activity, since they gave the most stable suspensions and were the least susceptible to MS adhesin.
All the MR strains showed strong adhesion to the mycelium and conidia of Aspergillus niger and other moulds (Pl. 4, fig. lo ). Such strains also adhered strongly to the root hairs of cress and red clover seedlings (cf. MS and MR strain, P1.4, fig. 9 ). They adhered, usually weakly, to ' smooth ' Candida albicans that had been heated in saline a t 100" for 5 min. and to unheated cells of the 'rough' C. albicans strain. In saline wet films they adhered to the glass slide and coverslip, and to cellulose fibres; in most cultures this tendency was very strong and up to 50% or more of the bacilli might become attached within 1-2 min. Many MR cultures were autoagglutinable. All these adhesive activities were resistant to inhibition by mannose. They were partly dependent on the presence of electrolyte, since adhesion to fungus mycelium and glass was less when the tests were made in distilled water instead of saline.
Properties of non-jmbriate strains All 29 non-fimbriate strains were found to lack adhesive affinity for guinea-pig red cells, tanned ox red cells, Candida albicans, Aspergillus niger mycelium and glass. At most, a rare bacillus was found adherent at a few places on the tanned cells, mould mycelium or glass. Representative strains of each serotype lacked adhesive affinity for fowl, toad, horse, mouse, rabbit, human, sheep and ox red cells, heated red-cell stromata, guinea-pig, human and ox leucocytes, intestinal epithelial cells, plant root hairs and cellulose fibres ( Table 2) . Exceptional results were obtained with a non-capsulate mutant derived from the non-fimbriate strain N. 7242. Its cultures were partly autoagglutinable in saline and showed a moderate adhesiveness for glass and cellulose. These properties were dependent on the presence of electrolyte. They were also found in some non-fimbriate strains of other species (e.g. Escherichia coli strain 55 of Duguid et al. 1955) .
Weak mannose-resistant haemagglutination reactions were given by the concentrated bacillary deposits from a few cultures of non-fimbriate strains, especially those grown a t 30°; microscopical examination revealed that these reactions occurred without adhesion of bacilli to red cells. The clumped red cells appeared interspersed with and bound together by a fine particulate debris and some bundles of long tyrosine-like crystals, presumably products of bacterial growth. When using the haemagglutination test to detect fimbriation in klebsiellas, it is thus necessary, when a weak reaction is obtained, to demonstrate microscopically that it involves bacillary adhesion. Weak non-bacillary agglutination occurred similarly with tanned red cells, red-cell stromata and Candida albicans.
Variation in jmbriation and haemagglutinating activity
The broth cultures of all fimbriate strains were found to contain a proportion of non-fimbriate as well as fimbriate bacilli. In most strains 50-90% of the bacilli were fimbriate and in a few (e.g. of type 8) never more than 5-25 %.
This was probably the result of frequent reversible variation between a fimbriate phase and a non-fimbriate phase, as found in Escherichia coli by Brinton, Buzzell & Lauffer (1954) and Shigella jlemeri by Duguid & Gillies (1957). Cultures of a few strains (e.g. K. 9) never showed more than c. 10 yo of non-fimbriate bacilli, and the possibility must be admitted that these were originally fimbriate, but had lost their fimbriae after dying in the culture or during preparation of the specimen.
The combined MS and MR haemagglutinating powers seemed to vary directly with the proportion of fimbriate bacilli in the culture. Observations were made on 35 strains carried in parallel through nine serial 48 hr. cultures on nutrient agar plates and nine serial 48 hr. cultures in broth, both series being started from the same 3-colony inoculum (e.g. 'Agar' and 'Broth' series, Table 3 ). For some strains a second series of nutrient agar cultures ('Agar B ') J . P. Duguid was started with an inoculum from the richly-fimbriate 9th culture of the broth series. Maximal fimbriation was found to develop during the cultivation in broth. The serial cultivation on nutrient agar did not decrease the proportion of fimbriate bacilli in a few strains (e.g. K. S), but decreased it to between 10 yo and 50 yo in most, and to as little as ' I yo in some (e.g. K. 55). In no case, however, did it yield a culture entirely in the non-fimbriate phase, as in Shigellaflexneri and a few Escherichia coli strains (e.g. nos. 93, 108 and 208,  Duguid et al. 1955) . The klebsiellas behaved instead like the majority of E. coli strains.
When a poorly fimbriate nutrient agar culture was subcultivated in broth, it usually achieved moderate or maximal fimbriation in the first 48 hr. broth culture, though in some cases not until the second or third (e.g. A. 3, 'Broth' series, Table 3 ). When a richly fimbriate broth culture of a variable strain was subcultivated on nutrient agar, the first 48 hr. culture was moderately fimbriate and the second or third minimally fimbriate (e.g. K. 55 and N. 9499, 'Agar B' series, Table 3 ). Because conversion between the fimbriate and nonfimbriate phases was so rapid, the experiments did not show whether the change was directly impressed by the cultural conditions or was due to selection of mutants. The latter mechanism appears the more likely, since some evidence was obtained for its operation in ShigeZlaJlemeri (Duguid & Gillies, 1957) . Fimbriate bacilli fixed while undergoing fission were mostly fully fimbriate at both ends. Rarely, however, one daughter cell was fimbriate and the other non-fimbriate (Pl. 3, fig. 7) ; this might be the result of fimbrial phase variation.
In strains capable of both MS and MR haemagglutination, these two activities could vary independently in strength and one might even disappear from a culture while the other remained. Serial cultivation in broth often brought about a large relative increase of MR activity, e.g. in 4 out of 6 experiments with strain A. 3 (cf. 'Broth2' and 'Broth' series, Table 3 ). When the MR-rich A. 8 broth cultures were subcultivated on nutrient agar, they gave mucoid (capsulate) colonies which differed from the parent type in being more convex and opaque. This variant continued to yield fully fimbriate growths with strong MR activity through 15 serial cultures on nutrient agar (' Agar B2' series, A. 3, Table 3 ), while the MS-rich parent form became mainly non-fimbriate ('Agar B ' series). In other cases, fimbriation and MR activity were greatly diminished when an MR-rich broth culture was subcultivated on nutrient agar ('Agar B ' series, N. 9499, Table 3 ). Non-capsulate (0) mutants of strains N. 9499 and A. 3 behaved in the same ways as their parent strains, but showed less tendency to produce the MR-rich variant.
Pellicle formation and ammat of growth Duguid & Gillies (1957) found that Shigella flexneri in its non-fimbriate phase did not form a surface pellicle when grown in broth, while the fimbriatephase bacilli formed a thin membranous pellicle and gave a much greater amount of organism because of the free aeration of the bacilli in the pellicle. In Klebsiella, fimbriation appeared similarly to assist pellicle formation and thus augment growth, but complicating factors make the relationship difficult to prove. A surface pellicle was formed by most fimbriate Klebsiella strains in aerobic static broth cultures. In some cases it was thin and transparent like that of ShigeZZaJEexneri, but usually it was thickened by a white granular, creamy or waxy growth, or by mucoid material. Few of the non-fimbriate strains formed a complete pellicle (as N. 7242 and N. 7761), but most of them formed a 'rim' or ring of solid growth which adhered to the walls of the tube a t the broth surface. This rim was usually 1-4 mm. deep and extended inwards over the broth for a similar distance. In the same way as a pellicle, the rim procured highly aerobic conditions for growth. A few non-firnbriate strains in types 4, 5 and 6 (e.g. N. 9657, N. 9659, N. 9666) usually did not form a rim.
Fimbriate strains formed a narrow rim in addition to their pellicle. Neither rim nor pellicle was formed in broth cultures incubated anaerobically. The influence of rim and pellicle formation on the amount of growth was investigated for most strains in types 1,2, 4,5 and 6. Turbidity measurements were made on three cultures of each strain: (1) in a tube of broth incubated anaerobically in hydrogen; (2) in a tube of broth incubated aerobically; (3) on the growth from the whole surface of a nutrient agar plate incubated aerobically. The three cultures were inoculated from the same aerobic 48 hr. broth culture (itself inoculated from nutrient agar) and were incubated a t 37" for 48 hr., by which time growth was largely complete. The averages of the 48 hr. growth measurements in different groups of strains are shown in Table 4 . The non-fimbriate strains which formed neither rim nor pellicle gave in the ' aerobic ' broth (whose depths remained nearly anaerobic) a growth which was little more than that in the anaerobic broth (e.g. 1.5-fold) and scarcely an eighth of that on the aerobic plate. They thus behaved in the same way as nonfimbriate Sh@eZZa&xnmi (Duguid & Gillies, 1957 , Table 3 ). The non-fimbriate strains which formed a rim gave relatively much greater growth in 'aerobic' broth (e.g. 4 times that in anaerobic broth). The fimbriate and non-fimbriate J . P. Duguid strains which formed a pellicle gave even more (e.g. 5 times that in arraerobic broth and nearly half that on aerobic agar). The increased growth was probably due to the abundant oxygen supply enjoyed by the bacilli which composed the rim and pellicle. In cultures on agar and in anaerobic broth, where no advantage could be gained by pellicle formation, the fimbriate strains still gave greater growth than the non-fimbriate, but the difference was very much less than with the 'aerobic' broth.
DISCUSSION
Capsulated Klebsiella strains are found to be fimbriate except for a minority which correspond to pathogenic pnezcmoniae, oxaenae and rhinoscleromatis varieties. That the fimbriae and capsules are independent structures is proved by their morphological differences and the occurrence of fimbriae in noncapsulated mutants. The functions of fimbriae and capsules appear to be complementary. The highly hydrophilic, negatively charged capsule has a repellent and dispersive action, helping to prevent autoagglutination of the bacilli and their adhesion to external solids, and perhaps helping to repel phagocytes, protozoal predators and bacteriophage (Wilkinson, 1958) . The fimbriae, on the other hand, confer adhesive properties on the bacilli; they pass out beyond the capsule and can fasten firmly to a variety of solid substrates. Most fimbriate Klebsiella strains seem capable of reversible variation between a fimbriate and a non-fimbriate phase. This variability may have its value in ensuring that part of a bacillary population has adhesive properties and part dispersive properties.
With one doubtful exception (K. 38), all the fimbriate strains possessed one or both of the adhesive properties attributed, respectively, to the MS and MR adhesins, while all the non-fimbriate strains lacked these properties. Many fimbriate cultures also showed a third adhesive property, effective for glass and cellulose, but this was not necessarily dependent on fimbriation, since it occurred to some extent in certain non-capsulate non-fimbriate cultures. It perhaps depended on a hydrophobic state affecting either the fimbriae or the bacillary cell wall. The electrophoretic studies of Brinton et al. (1954) suggest that fimbriae bear a weaker negative charge than the normal bacillary wall. This would assist their approach to negatively-charged substrates.
Only the bacilli which possessed fimbriae with MS adhesin adhered to the highly hydrophilic and negatively charged surfaces of animal blood cells and 'smooth' yeast cells. The specificity of mannose in preventing this adhesion suggests that a chemical group with some relationship to mannose may serve as a specfic receptor for the MS adhesin. This must be a common group which occurs in a wide variety of animal, plant and fungal cells. The presence of MS adhesin in bacilli infecting the animal body would probably hinder their spread by fixing them to tissue cells, and might promote their phagocytosis by attaching them to leucocytes, so nullifying the anti-phagocytic action of the capsule. This would be concordant with the absence of fimbriae from the more pathogenic strains.
Possession of the MR adhesin enabled attachment to some of the substrates susceptible to the MS adhesin, such as fungus mycelium, 'rough' yeast and plant root hairs, The MR activity, however, is not merely a low grade of the MS activity; its greater effectiveness for tanned ox red cells and its resistance to mannose show that it is due to an agent of different specificity. Similar MR activity was found in ten fimbriate strains of Serratia rnarcescens, but not in fimbriate strains of Escherichia coli, Aerobacter cloacae, Shigella Jlexneri and Salmonella spp., which showed only the MS activities. The MR fimbrial adhesin of Klebsiella is not to be confused with the mannose-resistant haemagglutinins found in some fimbriate and non-fimbriate strains of E . co2i (e.g. nos. 92 and 224, Duguid et al. 1955; Duguid & Gillies, 1957) . The latter can adhere to and agglutinate the fresh untreated red cells of one or a few species (e.g. man, sheep or ox), reacting strongly at 3-5' and 'eluting' at 20-40'. The klebsiellas do not elute on warming.
The role of fimbriae in saprophytic and commensal bacilli may be to hold them on the surfaces of dead or living animal and plant tissues, such as intestinal epithelium and root hairs, where nutrients become available by lysis, leakage or excretion. Adhesion to the surfaces of mineral solids may assist uptake of nutrient solutes which are concentrated there by adsorption. When the habitat is a stagnant liquid, advantage may accrue from the action of fimbriae in promoting growth as a surface pellicle with better access to atmospheric oxygen.
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EXPLANATION OF PLATES
Except where otherwise stated the bacilli were taken from 48 hr. cultures in broth a t 87". 
